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Chapter- 18  Electromagnetic Induction

            18.1 Faraday’s laws; Induced electric fields

                  18.2 Lenz’s law, Motional  electromotive force

 18.3 A.C. generators; Eddy currents   
                                       

              18.4 Self-inductance and mutual inductance

18.5 Energy stored in an inductor

18.6 Transformer.
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                         Electromagnetic Induction:
• 18.1 State and show understanding of  Faraday’s law of electromagnetic induction
• 18.2 State and show understanding of Lenz’s law
• 18.3 Discuss construction and working of A.C. generators
• 18.4 Define eddy currents, explain how  they arise and give a few examples 

where eddy currents are useful and where they are nuisance
• 18.5 Describe self-inductance and mutual inductance and understand their 

uses
• 18.6 State the expression for energy  stored in an inductor and use it 

wherever needed
• 18.7 Discuss the construction, working principle and importance of 

transformer
• 18.8 Discuss the sources of energy loss in practical transformer
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3. In electromagnetic induction, the induced charge is independent of
(a) change of flux
(b) time
(c) resistance of the coil
(d) None of these
4. An induced e.m.f. is produced when a magnet is plunged into a coil. The strength of the induced e.m.f. is 
independent of
(a) the strength of the magnet
(b) number of turns of coil
(c) the resistivity of the wire of the coil
(d) speed with which the magnet is moved
5.Faraday’s laws are consequence of the conservation of
(a) charge
(b) energy
(c) magnetic field
(d) both (b) and (c)
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Lenz’s Law
Lenz’s law states that “the direction of induced current is such that it opposes the causes which produces 
it”. It gives the direction of flow of current due to induced emf.

Explanation: 

To explain the lenz’s law, let us consider a bar magnet and circular coil where the north pole of bar magnet is 
pointing to the face of the coil. When the bar magnet is bought near to the coil, the flux linked with the coil is 
changed. As a result, an emf is induced and produces induced current. The current produce in the coil opposes 
the moving magnet as shown in figure (i).
        However, if the bar magnet is taken away from the coil, the induced emf again produces the current but in 
opposite direction as before. So the face of the coil behaves as south pole tending to attract the magnet as shown 
in figure (ii).
          Thus, in both cases the direction of induced current is such that it opposes the motion of the magnet.
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Q.N Show that Lenz law obeys the principle of conservation of energy.
                                            OR
   Lenz law follows the principle of conservation of energy. Explain.
Solution, 

According to principle of conservation of energy “energy can neither be created nor be destroyed but it can only 
be changed from one form to another form”
    When the bar magnet pointing north pole is moved towards the coil, flux linked with the coil is changed. As a 
result, an emf is induced and produces induced current. The induced current opposes(repels) the motion of 
magnet as shown in fig(i). Now, in order to move the bar magnet further towards the coil, an extra work has to 
be done against repulsive force. This work done is stored in the coil as the form of electrical energy. That means 
mechanical energy is converted into electrical energy (i.e. magnitude of induced emf). Hence, Lenz law obeys 
the principle of conservation of energy. 
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4. The current flows from A to B is as shown in the figure. The direction of the induced current in the loop is
(a) clockwise.
(b) anticlockwise.
(c) straight line.
(d) no induced e.m.f. produced.
Answer/Explanation
Answer: a
Explaination:
(a) By lenz’s law, the induced current must produce inward flux to counter magnetic flux of AB. So induced current is clockwise in the loop.
Direction of magnetic field due to indicated current will be in upward direction passing through the coil. So, a current in coil will be 
induced so that it decreases the flux in the coil. 
So, current in the clockwise direction will be induced.

5. In the given figure current from A to B in the straight wire is decreasing. The direction of induced current in the 
loop is 

(a) clockwise
(b) anticlockwise
(c) changing
(d) nothing can be said
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What is the direction of induced currents in metal rings 1 and 2 when current I in the wire is increasing 
steadily? 

           

1. Clockwise
2. Anticlockwise
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Fleming’s Right Hand Rule
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uniform magnetic field( motional electromotive force)
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Note: Since only the vertical component of earth’s magnetic field will cut the wings of plane 
perpendicularly, thus only this component will produce induced emf
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Induced emf in a coil  rotating  in a uniform magnetic field
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A device which is used to convert mechanical energy into electrical energy in the form
 of alternating current is called ac generator.
Principle : 
             It works on the principle of electromagnetic induction. i.e. when the coil rotates in a magnetic field, emf is induced in it.

Construction
It consists of following parts
i. Armature:
                        A rectangular coil ABCD consists of large number of turns of insulated copper wire wound over soft iron core is 
called armature. 
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Fig: Variation of E and wt
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MCQ:
1. When a coil rotated in magnetic field the induced current in it
i. remains same
ii. becomes zero
iii. becomes maximum
iv. continuously changes

 2. An electric generator converts
1.Electric energy into light energy
2.Mechanical energy into electric energy
3.Electric energy into sound energy
4.Electric energy into mechanical energy

3. The basic principle on which the AC generator works is
1.Electromagnetic induction
2.Energy conservation
3.Lenz law
4.Momentum conservation
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Numerical
The armature of a small generator consists of a flat square coil with 120 turns and sides with a length 
of 1.6cm. The coil rotates in a magnetic field of 0.75T. What is the average speed of the coil if the 
maximum emf produced is 24mv?
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• The induced circulating current produced in a metal itself due to change in magnetic flux linked with 
the metal are called eddy current. The current induced not only in conducting wire or coil, but also in 
a conducting sheet or metallic piece placed on it.  

• The current induced in a conducting sheet or metallic piece due to change in magnetic flux linked 
with it is called  eddy current (Foucault's current).

• Eddy current produces heat in the conducting sheet or metallic piece due to which there is a loss of 
power. 

• To minimize the energy loss due to eddy current, the iron core should be laminated by thin metal 
sheet or varnish.

• The direction of eddy current is given by Lenz's law.
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Uses of Eddy currents (Foucault's currents)

1.   Electromagnetic brakes ( control the speed of electric trains)
2.    Induction furnace 
3.    Speedometer (measure instantaneous speed of vehicle)
4.    Coating thickness measurement
5.    Heating of tissue in human body
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The change of the magnetic flux linked with the coil during growth and decay of the current in the coil 
produces the induced emf in the same coil. This phenomena is called self induction.

Consider a coil connected with a battery and a key.
                      When the key is pressed(switch on), the current starts growing through the coil, as a result 
the flux linked with the coil also starts growing through it. This produces induced emf in the coil. 
According to the lenz law, the direction of induced emf is such that it opposes the growth of the current in 
the circuit as shown in fig (a).
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                                                                Mutual induction
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Energy stored in an inductor
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                                                               Transformer 

It is a device which is used to step up or step down the input voltage. 
Principle: It is based on the principle of mutual induction. 
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Construction:
               It consists of two coils primary and secondary wounded over common laminated iron core. If 
the no. of turns in primary coil is greater than that of secondary coil then such type of transformer is 
called step down transformer. If the no. of turns in secondary coil is greater than that of primary coil 
then such type of transformer is called step up transformer. 

Working: 
               when an ac is supplied to the primary coil, magnetic flux linked with the coil is changed. 
As a result an emf is induced in primary coil due to self induction and hence emf is produced in 
secondary coil due to mutual induction. 
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Question: A transformer has 500 turns in the primary coil and 100 turns in the 
secondary coil. What is output voltage if the input voltage is 4000volts? If the 
transformer is assumed to have an efficiency of 100%, what primary current 
is required to draw 2000watts from the secondary? 

•  

b) Flux loss:
There is no perfect coupling between primary and secondary coil. So, the leakage of flux takes place 
which results in loss of energy.

c) Eddy current loss:
Due variations of magnetic flux between two coils of transformer, an induced current is setup in an 
iron core called as eddy current. These current produces heat in the core due to which some power 
losses. It is minimized using laminated iron core.
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d) Hysteresis loss: 
This loss of energy is due to repeated magnetization and demagnetization of the iron core caused by 
the alternating input current. This energy loss can be minimized by using suitable material having 
narrow hysteresis loop for the core  of the transformer.

Question: What are different loss power losses in a transformer? What measure do you take to 
minimize these losses?
Question: Mention two types of loss in a transformer.
Question: Why transformer cannot be used in dc circuits?
                           OR
                   Why can’t a transformer be used to step up or step down the dc voltage?
                            OR
                   Explain why a transformer cannot work with direct current
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5. Why is the long distance transmission of a.c is economical?

6. Why do we prefer a choke coil to rheostat in an a.c circuit?

7.  A coil of wire of certain radius has 600 turns and a self inductance of 108mH. What will be the self 

inductance of another similar coil with 500 turns?

8.  A sheet of copper is placed between the poles of an electromagnet with the magnetic field 

perpendicular to the sheet. When it is pulled out, a considerable force is required and the force required 

increases with speed. Why?

9. If the no. of turns of solenoid is doubled, keeping the other factors constant, how does the self- 

inductance of the solenoid change?

10. How can an a.c. generator be converted into d.c. generator?
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1. The role of the inductor is equivalent to 
a. Inertia       b. force             c. energy               d. momentum

2. The energy stored in a 50 mH inductor carrying a current of 4A is
a. 0.1J            b. 0.4J                c.  0.04J                 d. 0.01J
3. A  dynamo 

a. Creates mechanical energy        b. creates electrical energy       c. converts electrical to mechanical     d. 
converts mechanical to electrical  

4. If supply frequency of a transformer increases, the secondary output voltage of transformer
a. Increases    b. decreases         c.  remain same           d. both a and b
     Hint: in transformer the input frequency and output frequency remain same.     
5. The self inductance of a straight conductor is

a. Zero                b. infinity              c. negative                  d. positive
                           N Φ = LI, for straight conductor N=0, so L=0
6. Eddy current does not cause 

a. Damping              b. heating             c. sparking                  d. energy loss
In eddy current, the electrons are only at the surface of the conductor and the electrons do not jump 
off to enter the air and heat it. Hence, there is no sparking. Therefore, eddy currents do not cause 
sparking. So, the correct answer is “Option c”.
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6. Eddy current does not cause 

a. Damping              b. heating             c. sparking                  d. energy loss
In eddy current, the electrons are only at the surface of the conductor and the electrons do not 
jump off to enter the air and heat it. Hence, there is no sparking. Therefore, eddy currents do 

not cause sparking. So, the correct answer is “Option c”.    
7. Transformer cores are laminated  in order to
a. Reduce eddy current   b. increase electric flux        c. reduce hysteresis loss  d. reduce copper loss
8. A transformer 

a. Changes ac to dc 
b. Changes dc to ac
c. Up or down ac voltage
d. Up or down dc voltage
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Numerical Problems
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